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SUMMARY
The geometrical requirements for binocular fusion are stated, and tbe main features of horizontal vergence eye movements are described, togetber with an inftuential schema of understanding the interaction between vergence and accommodation. The anatomy and physiology of the midbrain region implicated in vergence and accommodation control are discussed. The cortical areas from which suitable sensory signals might be derived are mentioned briefty, and a specula tion is made about esotropia.
GEOMETRICAL REQUIREMENTS FOR BINOCULARITY
The requirement for single binocular vision in normal human subjects is usually taken to be to have the lines of sight of the two eyes aligned on the target to within a tolerance of a few minutes of arc (Panum's fusional area). The lines of sight need to be aligned horizontally and vertically, and for fusion of a spatially extended stimulus torsion also needs to be matched in the two eyes, but in this paper I shall discuss only horizontal alignment because my focus is on the neural circuits that underlie the behaviour and these have only been investigated for the horizontal system; brief reviews of vertical and torsional vergence behaviour can be found elsewhere.1,2
Although Panum's area can be as small as a few minutes of arc wide, it can be much larger. Fender and Julesr showed that once binocular stimuli are fused, it is possible, using specialised stabilised-vision apparatus, to alter the horizontal binocular disparity by as much as 2 degrees before fusion is lost, although once fusion is lost disparities need to be reduced greatly (approximately to the classical values for Panum's area) for fusion to be regained.
In other words there is considerable hysteresis in
Correspondence to: S.J. Judge, University Laboratory of Physiology, Parks Road, Oxford OX1 3PT, UK. Fax: +44 (01865) 272469. e-mail: stuart.judge@physiol.ox.ac.uk. binocular alignment for fusion. It is perhaps there fore not too surprising that when, more recently, accurate binocular measurements were made for the first time in head-free human subjects viewing distant real three-dimensional targets, it was found that variations of vergence of 1-2 (in one subject 5) degrees occurred during head movements of modest velocity without subjects experiencing loss of fusion.4
Another caveat that has to be attached to the notion that binocular alignment needs always to be very precise in order for fusion to be maintained, is that the size of Panum's area depends on the sharpness of the target. If the stimulus contains only low spatial frequencies (i.e. is 'blurred') then Panum's area is considerably larger than with high spatial frequency targets. 5, 6 Aside from these qualifications, there is a quite different sense in which it is incomplete -one might even say short-sighted! -to state the requirement for single binocular vision purely in terms of binocular alignment; even modest errors of focus will greatly reduce the available high spatial frequency informa tion unless pupil size is very small, and so the geometrical requirement for good single binocular vision ought, in general, to be three-dimensional and include accommodation being accurate.
CONVERGENCE BEHAVIOUR
Components of Vergence; Systems Models
The classical view, derived from the work of shall discuss below. Also, it must be pointed out that while we can at least begin to see how the brain might extract the disparity signal, how 'blur' (which here means the difference between accommodation demand (the reciprocal of target distance) and 
Newer Findings
The idea that vergence movements are small and slow is false, and it is also false that vergence 
ANATOMY AND PHYSIOLOGY
Ocular Motorneurons
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